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Introduction
In the swine industry, crystalline amino acids (AA) have been widely used to replace soybean meal in low-protein AA-fortified diets. Several trials have demonstrated the successful use of crystalline AA in diets for nursery pigs to replace specialty protein sources, especially in Phase 2 (15-to 25-lb) diets. Tryptophan is the second limiting AA in most diets containing high levels of dried distillers grains with solubles (DDGS) and the fourth limiting amino acid in a typical corn-soybean meal diet. Thus, knowledge of the optimal tryptophan:lysine ratio is critical for practical diet formulation, but the optimal SID tryptophan:lysine ratio remains controversial due to the vari-ability among the trials. A range of 14.5 to 23.1% SID tryptophan:lysine ratio requirements across various pig body weights have been reported (Quant, 2008 3 ). In nursery pigs, the calculated tryptophan:lysine ratio based on NRC 4 ), whereas the National Swine Nutrition Guide 8 suggests a SID tryptophan:lysine ratio of 16.8%. Differences among these published studies may be related to diet composition, gender, genetics, chemical analysis, or method of statistical analysis; therefore, more studies are needed to establish a tryptophan:lysine ratio and validate the requirement. Thus, this trial was conducted to determine the minimum SID tryptophan:lysine ratio in nursery diets for 13-to 21-lb pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. The study was conducted at the K-State Swine Teaching and Research Center in Manhattan, KS.
A total of 255 pigs were weaned at 21 d of age and placed in the nursery facility. At weaning, pigs were fed a common diet for 3 d. At d 3 after weaning, pigs were weighed and allotted to dietary treatments in a randomized complete block. Therefore, d 3 after weaning was d 0 in the trial. Each treatment had 7 replications with 6 or 7 pigs per pen. A 4-hole, dry self-feeder and a nipple waterer were used in each pen (4 ft × 5 ft) to provide ad libitum access to feed and water. Weight and feed disappearance were determined at d 0, 7, 14, 21, and 28 to calculate for ADG, ADFI, F/G, and income over feed cost (IOFC). Income over feed cost is a method to measure an economic value by assuming that other costs, such as utility and labor, are equal and the only variables are ADG and feed usage. Corn was valued at $233/ton, soybean meal at $340/ton, spraydried whey at $769/ton, L-lysine HCl at $1,600/ton, DL-methionine at $3,000/ton, threonine at $2,300/ton, tryptophan at $24,000/ton, and pig price at $0.55/lb.
A 2-phase diet series was used with treatment diets fed from d 0 to 14 and a common diet fed from d 14 to 28 (Table 1) . Experimental diets were corn-soybean meal-based with addition of crystalline tryptophan to achieve 6 levels of SID tryptophan that were 14.7, 16.5, 18.4, 20.3, 22.1, and 24.0% of lysine. Large batches of the 14.7% and 24.0% SID tryptophan:lysine diets were made then blended to achieve the intermediate SID tryptophan:lysine ratios. The lysine level of 1.3% in these experimental diets was selected based on data of Nemecheck et al. (2010 9 ) using the same genotype in the same nursery facility. The 14.7% SID tryptophan:lysine ratio diet was also verified to be deficient in tryptophan from a previous trial (Nemecheck et al., 2010 10 ). All diets contained 10% spray-dried whey and did not contain specialty protein sources such as spray-dried blood meal or menhaden fishmeal. All experimental diets were fed in meal form and were prepared at the K-State Animal Science Feed Mill. Diet samples were collected at the beginning of the trial and on d 7 and 14, then a composite sample was made and analyzed for AA analysis by Ajinomoto Heartland LLC, Chicago, IL (Table 2) .
At the end of the trial, data were analyzed for linear and quadratic effects of increasing SID tryptophan:lysine ratio using the PROC MIXED procedure of SAS (SAS Institute, Inc., Cary, NC). Pen was the experimental unit for all data analysis. Results were considered significant at P ≤ 0.05 and were considered a trend at P ≤ 0.10.
Results and Discussion
From d 0 to 14, increasing SID tryptophan:lysine ratio improved ADG (linear, P = 0.02) and a tendency for improved ADFI and F/G (linear, P = 0.06 and quadratic, P = 0.08, respectively; Table 3 ). Although the response was linear for ADG and ADFI, similar to F/G, performance was optimal for pigs fed the 20.3% SID tryptophan:lysine ratio. No differences were found in IOFC; however, pigs fed the 20.3% SID tryptophan:lysine ratio again resulted in the greatest IOFC.
From d 14 to 28, when a common diet was fed, ADFI increased (linear, P = 0.05) with increasing SID tryptophan:lysine ratio fed from d 0 to 14; however, no evidence of a carryover effect for ADG, F/G, and IOFC was observed. Again, pigs previously fed the 20.3% SID tryptophan:lysine ratio also had the greatest IOFC during this period. For the overall study (d 0 to 28), ADG and ADFI increased (linear, P = 0.02 and P = 0.03, respectively) with increasing SID tryptophan:lysine ratio, but no differences occurred in F/G or IOFC. Although ADG and ADFI were linear in response, little benefit was gained in performance above the 20.3% SID tryptophan:lysine ratio. Although not significant, pigs fed the 20.3% SID tryptophan:lysine ratio had the greatest IOFC.
In summary, although the ADG increased linearly with increasing SID tryptophan: lysine ratio, a quadratic trend occurred for F/G (P = 0.08), with greatest response in ADG and F/G at 20.3%. Also, based on the IOFC analysis, these data suggest an optimal SID tryptophan:lysine ratio for 13-to 21-lb nursery pigs of at least 20.3%; however, this ratio is greater than the minimum ratio currently using in many practical diet formulations in the U.S., indicating the importance of tryptophan in diet formulation of low-protein AA-fortified diets in swine industry. The statistical analysis in this experiment also indicated a significant linear response with a quadratic trend; therefore, more studies are needed to validate the requirement of SID tryptophan:lysine ratio for nursery pigs in this period. 
